Aim. This study aimed at assessing Doppler ultrasonographic findings of gut wall vessels and thickness in active and quiescent ulcerative colitis. Methods. Fifty patients with ulcerative colitis were studied using transabdominal grayscale and Doppler sonography of sigmoid, distal and middle parts of descending colon in different stages of the disease. Thickness of colon wall in the most involved site, number of color signals in each box, resistive index (RI), and pulsatility index (PI) were evaluated. Results. The median thickness of the colon wall in the most involved sites was 4.3 mm in acute phase and 4.4 mm in the inactive phase (P = 0.47). The median number of the color signals in the active phase at the most involved site, distal part of descending colon and sigmoid was higher than that of the color signals in the inactive phase (P = 0.0001). In the most involved site, the PI and RI were undetectable in the inactive phase. The median PI was 1.4 in the mild phase, 1.3 in the moderate phase, and 1.1 in the severe phase (P = 0.002). Conclusion. In contrast to the colon wall thickness, increased intramural blood flow reflected the clinical severity in ulcerative colitis patients.
Introduction
Inflammatory bowel diseases, generally including ulcerative colitis and Crohn's disease, are type of intestinal diseases with still unknown etiology [1] . Ulcerative colitis, except for the severe types, merely affects the mucosa and submucosa of colon as an inflammatory ulcer. As the mucosa is edematous and its circulation may increase, studies have shown that bowel wall thickness and its circulation are in correlation with severity of the disease [2] . The congestion and dilation of capillaries in the affected area can give explanation for the increased circulation [2] [3] [4] .
Transabdominal ultrasound is useful for the detection of bowel wall thickening and for determining the extent of involved segments in different kinds of inflammatory bowel diseases. Moreover, determining complications and disease activity and thereby guiding therapy decisions are achievable through ultrasonography [5] [6] [7] [8] . However, the role of transabdominal ultrasound in ulcerative colitis has been considered less important than in Crohn's disease [7] . This conclusion is based on the conflicting data on the correlation between intramural blood flow, bowel wall thickness, and clinical severity of ulcerative colitis [7, 8] . Therefore, the aim of the present study was to assess Doppler ultrasonographic findings of gut wall vessels and bowel wall thickness in active and quiescent ulcerative colitis.
Materials and Methods
Fifty patients diagnosed with ulcerative colitis through endoscopic evaluation along with biopsy were studied between April 2009 and July 2010. The study was approved by the 2 ISRN Gastroenterology local ethics committee and written informed consent was obtained for each subject. All the studied patients were on sulfasalazine plus mesalamine treatment. Transabdominal Doppler sonographic findings were assessed in different stages of the disease. Following an eight-hour fasting, transabdominal grayscale and Doppler sonography of sigmoid, distal, and middle parts of descending colon was performed by a radiologist who was unaware of the disease severity. Color Doppler box was determined as the size of the sigmoid lumen in axial section. The coronal and sagital sections were evaluated using the same color box. The size of the color Doppler box was adjusted to make it as small as possible and thus maximize sensitivity and minimize flash artifacts. Thickness of colon wall in the most involved site, number of color signals in each box, resistive index (RI), and pulsatility index (PI) were evaluated. RI is defined as (peak systolic velocity − end diastolic velocity)/peak systolic velocity. Moreover, PI is defined as (peak systolic velocity − end diastolic velocity)/mean velocity [9] [10] [11] . Clinical scoring of ulcerative colitis was based on the Truelove and Witts' classification [12] . Data were presented as mean ± standard deviation (SD). Statistical analysis was performed with SPSS for Windows version 15.0 (Chicago, IL) using one-way ANOVA, MannWhitney U test, chi-square Test, or Fisher's Exact test, wherever appropriate. Statistical analyses were performed using computer software SPSS 15. A P value less than 0.05 was considered to be statistically significant.
Results
Fifty patients with ulcerative colitis, 23 males and 27 females with mean age of 29.20 ± 8.01 years, were recruited. Left colon was the most common involved site. In terms of the disease activity index, 13 patients (26%) were in inactive phase, 12 patients in (24%) mild, 13 patients in (26%) moderate, and 12 patients (24%) in severe clinical phases. The median thickness of the colon wall in the most involved sites was 4.3 mm in acute phase and 4.4 mm in the inactive phase (P = 0.47). The median number of the color signals in the active phase at the most involved site, distal part of descending colon, and sigmoid was higher than that of the color signals in the inactive phase (P = 0.0001). In the most involved site, the PI and RI were undetectable in the inactive phase. The median PI was 1.4 in the mild phase, 1.3 in the moderate phase, and 1.1 in the severe phase (P = 0.002). Demographic data and ultrasonographic indices with regard to the disease severity are shown in Table 1 .
Discussion
The present study revealed that PI measured in the fasting state was significantly lower in the gut wall vessels of ulcerative colitis patients with active disease than that obtained in the inactive patients. On the other hand, the results showed that more severe cases had lower PI values in the bowel wall vessels. Furthermore, estimation of macroscopic vessel density in diseased bowel loops, based on the number of color signals, showed that patients with active disease had higher vessel density, whereas those with quiescent disease had no vessel density. This finding was significant in the most involved site, distal part of the descending colon, and sigmoid but not in the middle part of the descending colon. In addition, the more severe the disease was, the higher number of the color signals was detected. Altogether, these findings indicated that increased intramural flow reflected the clinical activity in patients with ulcerative colitis. Moreover, these results are parallel to the characteristic of the ulcerative colitis, that is, hypervascularized bowel wall [13] . Similar results were obtained both in Crohn's disease and ulcerative colitis by Ruess et al. and Shirahama et al., who reported that intramural vascularity correlated with laboratory and clinical parameters of disease activity [14, 15] . On the other hand, splanchnic flow measurements in the inferior and/or superior mesenteric arteries have been shown to be closely related to clinical and endoscopic disease activity in patients with ulcerative colitis [16] [17] [18] [19] [20] . However, Homann et al. and Bremner et al., failed to find any correlation between endoscopic or clinical disease severity of ulcerative colitis and superior mesenteric artery PI and RI, respectively [21, 22] .
In contrast to Crohn's disease, bowel thickening in ulcerative colitis could not be correlated with clinical disease activity in some studies [7, 15] . However, Bremner et al., found significant correlation between bowel wall thickness and endoscopic severity of both Crohn's disease and ulcerative colitis at moderate/severe stages of the diseases [22] . Furthermore, Ruess et al. concluded that bowel wall thickness correlated with common laboratory and clinical parameters of the disease activity in patients with Crohn's disease and ulcerative colitis [14] . Additionally, Maconi et al., revealed that degree of the bowel wall thickness, as evaluated by ultrasonography, correlated with the clinical, biochemical, and endoscopic activity of ulcerative colitis both before and after steroid therapy [23] . In the present paper, we failed to find any significant difference in the bowel wall thickness between the active and inactive phases of ulcerative colitis, perhaps because of the small number of patients studied.
Different factors including meal ingestion and exercise can affect measurement of the intramural blood flow with Doppler sonography [24, 25] . Taking this into account, we evaluated our patients after overnight fasting and in resting position. We also considered the color signal box as a sonographic indicator in our study. However, the number of color Doppler signals is an estimate and not a direct count of vessels present in the area examined because a single tortuous vessel may result in several color Doppler signals.
The diagnosis of ulcerative colitis is usually based on the patient's history and typical endoscopic appearance of the mucosa and histology after exclusion of infectious agents by microscopic examination and stool cultures. As treatment is based in part upon the extent of the disease, it is useful at the initial presentation to document the extent of inflammation, which can be accomplished by combining flexible sigmoidoscopy and ultrasound, when complete colonoscopy is not possible and/or contraindicated. However, it should be indicated that none of these sonographic findings are specific and may be also seen in a number of other colonic disorders. As a consequence, the value of transabdominal ultrasound in ulcerative colitis is less well established than in Crohn's disease [7, 26] .
This study has certain limitations. No measurement of the inflammatory markers (e.g., fecal calprotectin, C-reactive protein, etc.) was performed. Further studies covering the levels of these markers and their probable correlations with the ultrasonographic findings are recommended. In addition, the patients were not subjected to any treatment in the present study. Therefore, response to therapeutic interventions has not been evaluated. Furthermore, other ultrasound modalities including sonoelastography and contrastenhanced sonography were not applied in our study [27] [28] [29] . However, to the best of our knowledge, the present study is the first investigation to study the number of color Doppler signals in evaluation of the inflammatory bowel diseases.
In conclusion, this study reveals that transabdominal ultrasound, thanks to its accuracy in measuring the intramural blood flow, might be applied to the patients with ulcerative colitis to differentiate the clinical phases of the disease. Further studies in larger cohorts using updated ultrasound modalities are obviously needed to establish the value of our observation and to confirm the usefulness of transabdominal ultrasound as an important adjunctive tool for the evaluation of disease activity.
